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Abstract. Kazakhstan is naturally rich in fossil fuels and its
economy is strongly linked to oil and gas exports. Signifi-
cant coal reserves have led to an energy mix that is domi-
nated by aging and polluting thermal power plants. Yet Kaza-
khstan comprises mainly grassland steppe where agriculture
and livestock pastoralism dominate offering the potential for
cleaner, renewable energy production from a range of agri-
cultural and forestry wastes. Here we analyse the spatial
distribution and bioenergy generation potential of different
feedstocks using an ArcGIS platform and demonstrate a sig-
nificant opportunity for a range of bioenergy technologies.
We recommend a number of policy interventions to enable
Kazakhstan to make a transition to cleaner, more accessible
and locally generated supply which is also sustainable and
provide a waste management solution.
1 Introduction
Kazakhstan is a large steppe country located in Central Asia.
It is surrounded by Turkmenistan, Uzbekistan, and Kyrgyzs-
tan to the south, Russia to the north, China to the east, and is
bounded to the west by the Caspian Sea. The country has a
total land area of 2.7 million km2, sub-divided into fourteen
administrative provinces (Fig. 1a), each governed from a lo-
cal centre, usually the largest local city, which is called the
capital of that province. Generally, the climate of Kazakhstan
is extreme continental with average temperature between−4
and −19 ◦C in January and between +19 and +26 ◦C in
July. The country is almost entirely covered by steppe and
desert with brown and grey-brown soils; the northern area of
Kazakhstan is the wettest region, where precipitation exceeds
300 mm yr−1 (Fig. 1b), mainly because of afternoon thunder-
storms that occur in summer, while in the centre and south,
precipitation is around 150–200 mm yr−1 (KIG, 2013). Ac-
cording to Kazakhstan’s Agency of Statistics, the country has
an estimated population of around 17.8 million (KAS, 2016)
and 60 % of people live in cities (Nyussupova and Kalimurz-
ina, 2016). The energy sector plays a major role in Kaza-
khstan’s economic development. The country has abundant
reserves of fossil fuel (oil, gas and coal) and proven gas re-
serves estimated at about 3.8 trillion m3 (EIA, 2017). Natural
gas and clean energy technologies have the potential to con-
tribute to reducing the country’s carbon footprint (Kerimray
et al., 2018); there are plans to build additional gas infras-
tructure that will bring natural gas to Kazakhstan’s capital
of Astana, and large cities in the North and Central Kaza-
khstan (MoE, 2018). Gas grid connectivity is expected to
reach 56 % of the population by 2030, compared to 47.3 %
currently (MoE, 2018). The potential oil resources in Kaza-
khstan are estimated to be over 30 billion barrels and Kaza-
khstan is a strongly export dominated economy with between
75 %–80 % of its total oil production exported overseas. In
2016, oil production was around 79.4 Mt against a consump-
tion of 14.6 (EIA, 2017). Kazakhstan has also significant coal
reserves, especially in central part of Kazakhstan. Its total
recoverable coal reserves were estimated in 2015 at around
176.7 million short tons (EIA, 2017). Despite the abundance
of oil and gas, the country’s power generation has been dom-
inated by coal. By the end of 2016, coal-fired thermal power
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Figure 1. (a) Administrative provinces of Kazakhstan; (b) mean annual precipitation; (c) electricity capacity generation by fuel type; (d) elec-
tric power zones; (e) annual energy demand by regions; (f) major areas of wheat production.
in Kazakhstan comprised 75 % (15 GW) of the total installed
capacity and contributed 80 % (82.4 TWh) of total generated
electrical energy, mainly concentrated close to the coal fields
in the North of Kazakhstan (Fig. 1c). The North and Cen-
tral regions of Karaganda, Pavlodar, Akmola, Kostanay, Ak-
tobe, East Kazakhstani provinces have a 220–500–1150 kV
electric grid that is connected to Russia’s electricity system
(Fig. 1d) and these provinces have higher electricity con-
sumption than in the West and South (Fig. 1e) (KEGOC,
2016). Coal is expected to play a dominant role in national
energy balance at least for the next 30–40 years (Kazenergy,
2017). The domination of coal in Kazakhstan’s current en-
ergy balance coupled with its aging plant and unequal spatial
distribution networks (including electricity production) con-
tributes both to regional energy price inequalities (Assem-
bayeva et al., 2018) and to ongoing serious environmental
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damage (Kerimray et al., 2017). Coal power stations are re-
sponsible for almost 80 % of the country’s carbon emissions
(ICSD, 2016). The quality of Kazakhstani coal is relatively
poor, with a high ash content of between 50 % to 65 % (EIA,
2017). Given current and projected future coal use in Kaza-
khstan, and the need to cut emissions, biomass co-firing in
coal power stations is regarded as a promising option which
could enable Kazakhstan to cut its carbon emissions and pro-
vide an improved sustainable energy supply.
Currently, there are three co-firing technologies widely
used in power plants: direct co-firing, indirect co-firing, and
parallel co-firing. In direct co-firing, biomass is directly fed
into the furnace along with base fossil fuel (e.g. coal). Indi-
rect co-firing installs a separate gasifier to convert the solid
biomass into a fuel gas (syngas). Parallel co-firing involves
the installation of a completely separate external biomass-
fired boiler in order to produce steam used to generate elec-
tricity in the coal-fired power plant. Biomass co-firing does
not require significant capital investment and has the advan-
tage of being able to use existing fossil fuel power plants
infrastructure (Roni et al., 2017). Biomass co-firing can re-
place between 20 %–50 % of coal and reduces carbon diox-
ide emission from the power plant; the amount of other pol-
lutants released will depend on the characteristics of the
biomass feedstock (Lempp, 2013).
Kazakhstan has various biomass resources including forest
wood and agricultural residues. While the spatial distribution
and potential of solar and wind energy has been previously
demonstrated (UNDP, 2015, 2018; Terehovics et al., 2017;
Ahmad et al., 2017) to date there has not been any analysis
of bioenergy feedstocks for potential use in energy gener-
ation in Kazakhstan. Here we present the available biomass
resources (crop residues, the production of livestock residues
and forest residues) and then evaluate for the first time the
total amount and the spatial distribution of the crop residue
availability for energy generation. This type of assessment
is needed by policy makers and local governments in their
efforts to establish medium- and long-term planning for the
development of biomass and biogas resources, and for enter-
prises and planners to arrange for the development and im-
plementation of projects related to biomass resources.
2 Available bioenergy resources
2.1 Crop residues
In 2016, Kazakhstan produced nearly 27 million tons of
crops (KAS, 2017). The UN FAO estimated that the max-
imum crop production from Kazakhstan in good years ex-
ceeds 35–40 million tons (FAO, 2016). Wheat is the main
crop in Kazakhstan, producing around 14–16 million tons of
grain annually (KAS, 2017). Around 75 %–80 % of Kaza-
khstan wheat production occurs in North Kazakhstan includ-
ing Akmola, Kostanay, and Northern Kazakhstani provinces,
with a small amount being produced in the south (Fig. 1f).
The east and south of Kazakhstan are area of fibre and non-
grain crop production includes cotton, flax, sugar beet, and
tobacco (Fig. 2a). The south, east and central Kazakhstan
is also major area of fodder crop production including bar-
ley, oil seed rape, grass, maize, millet, soya beans and oats
(Fig. 2b). According to our data, from 2004 to 2016, the to-
tal plant based agricultural produce (including grain, cobs,
seeds, straw, husks, chaff) has been estimated to be around
16.4 Mt yr−1. The agricultural residue available for bioen-
ergy production (straw, cobs, husks) is about 8.2 Mt yr−1.
The principle locations of agricultural wastes which can be
converted to energy production are shown in Fig. 2c. The
highest percentage of residues is found in the North regions
of Akmola, Kostanay, and Northern Kazakhstani provinces,
followed by the East and South regions, each containing
more than 1.2 million tons of residues per year available for
bioenergy. Approximately 7 % of this is used as livestock
fodder and bedding; the rest is buried (KAS, 2017), burned
or ploughed in.
2.2 Animal wastes
Organic-rich animal wastes are increasingly used for bioen-
ergy generation in anaerobic digestion plants which produce
biogas (principally methane and carbon dioxide) and diges-
tate residue which can be used as an agricultural fertiliser.
The animal waste residues produced in Kazakhstan depends
on the animal type, size, and population density for each
location. Livestock production in Kazakhstan contributes to
rangeland management and for example the total cattle herd
was estimated at about 6.204 million head in 2016 (KAS,
2017). For energy production, animals need to be housed for
some of the year in order to make residue collection cost ef-
fective. Livestock are spatially distributed driven by climatic
conditions which controls grass cover and tend to be found
principally in the eastern, northern and southern provinces of
Kazakhstan, while the west and central regions fewer live-
stock numbers (Fig. 2d). For cattle manure, Kazakhstan’s
annual production is about 45 million tons, mostly from the
South-Eastern region of Kazakhstan followed by North re-
gion and Central region (KAS, 2017).
2.3 Forestry
In Kazakhstan, the forested area occupies around 4.7 %
(over 12 million ha) of the land area of the country,
and of this about 40 % is estimated to host productive
forestry (FAO, 2016). The total standing timber stock is
375.7 million m3 (KAS, 2017) and forests produce between
0.8 and 1.0 million m3 of timber annually (KAS, 2017). The
region with largest forest cover is in Kyzylorda in moun-
tainous south Kazakhstan and woodlands are also prevalent
in the south-eastern regions, though not all of these will be
suitable for forestry (Fig. 2e). According to Kazakhstan’s
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Figure 2. (a) Areas of fibre and non-grain crop production; (b) major areas of fodder crops production; (c) availability of crop residues;
(d) number of livestock per 100 ha; (e) forest cover in Kazakhstan; (f) energy generation potential from crop residues.
Agency of Statistics, the largest productive standing timber
stock is concentrated in the eastern region of Kazakhstan
(44.5 %), Kyzylorda in the south (10.5 %), Akmola (11.4 %)
and Pavlodar provinces (7.1 %) in the north. These locations
have the potential for biomass co-firing through creative of
wood chips and wood pellets.
3 Bioenergy generation potential
3.1 Estimation and mapping bioenergy resources
Due to issues with the availability of data, this paper fo-
cuses on crop residues. Theoretical energy potential from
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crop residues is analysed via an ArcGIS platform, according
to the following steps:
1. Selection of agricultural crops
The crops considered in this study whose residues that
have potential to be used feedstocks for bioenergy
production include wheat, rice, oil-bearing crops (e.g.
oilseed rape), cotton, sugar crops, tubers, and beans.
Data on production by province from 2004 to 2016 was
obtained from Kazakhstan’s Agency of Statistics (KAS,
2017).
2. Calculation of total yield of crop residues
Total values of crop residues were estimated using the
following mathematical model:
CRs(i,j)=
∑n
i=1CBA(i,j)×RPR(i,j)
where: CRs(i,j) is total yield of i crop residues at j
province, ton; CBA(i,j) is total yield of i crop produc-
tion at j province, ton; RPR(i,j) is the residue produc-
tion ratio of i crop residues at j province;
The crop-to-residues ratios were derived from FAO’s
Bioenergy and Food Security Rapid Appraisal Tool
(FAO, 2017).
3. Calculation of bioenergy potential
Bioenergy potential from crop residue biomass was es-
timated using the following mathematical model:
E(i,j)=
∑n
i=1CRs(i,j)×TV(i,j)
where: E(i,j) is bioenergy potential of i crops at j
province, MJ; CRs(i,j) is total yield of i crop residues
at j province, ton; TV(i,j) is thermal value of i crop
residues, MJ t−1.
Thermal values of residues were taken from FAO’s
Bioenergy and Food Security Rapid Appraisal Tool
(FAO, 2017).
Both mathematical models were used in previous stud-
ies to assess bioenergy potential, for example, in China
(Jiang et al., 2012), Russia (Namsaraev et al., 2018), In-
dia (Hiloidhari et al., 2014) and Egypt (Kamel et al.,
2018).
4. Mapping the results
An ArcGIS approach has been adopted in this study
to map the potential regions for bioenergy production
across Kazakhstan. ArcGIS has been used in many
bioenergy studies for this purpose including India (Ra-
machandra and Shruthi, 2007), Northern Europe (Kukk
et al., 2011), China (Zhuang et al., 2011; Chang et
al., 2014), Mexico (Valdez-Vazquez et al., 2010), Iran
(Noorollahi et al., 2015), Zambia (Shane et al., 2016)
and Uganda (Twaha et al., 2016).
3.2 Theoretical bioenergy potential
Based on net biomass yield from different residues and
its conversion efficiency (thermal values of each type of
residues), the bioenergy potential in Kazakhstan is estimated
at 485.36 MJ (or 16.582 million tons of coal equivalent, with
an average of 14.150 Mt yr−1 in the past 12 years) (Table 1).
This is equivalent to around 30 % of the total current energy
consumption of the country. In Kazakhstan, biomass energy
resource mainly consists of wheat residues (44 %), produced
in the Northern part of Kazakhstan. Consequently, the high-
est potential for biomass co-firing is found in the northern
part of Kazakhstan in Akmola, Kostanay, and other north-
ern provinces (Fig. 2f). The biomass energy potential from
wheat residues is found to be 3612.0 Mt yr−1 in Akmola,
3101.4 Mt yr−1 in Kostanay and 2846.3 Mt yr−1 other north-
ern provinces. Given that coal-fired power plants are also
prevalent in these regions, this demonstrates the great poten-
tial for adopting the use of biomass co-firing technologies in
this part of Kazakhstan, with concomitant impacts on emis-
sions leading to reduced greenhouse gas release (see Figs. 1c
and 2f). The southern part of Kazakhstan (Almaty and South-
ern Kazakhstanskaya provinces), also shows potential with a
maximum of 2105.5 Mt of biomass residues per year.
3.3 Limiting factors for bioenergy development
Bioenergy production from agricultural residues is hugely
dependent on water availability (including precipitation) and
land resources. Kazakhstan is the most water stressed coun-
try in the world, according to the Water Stress Index (WSI,
2015). Of the 186 countries studied, Kazakhstan is on the top
of the list of 35 most likely countries to experience an inter-
ruption to water supply (WSI, 2015). As shown on Fig. 3a,
Northern and South-Eastern zones of Kazakhstan have the
largest areas with extremely high-water stress. This means
that droughts are expected to occur on average every five
years in these regions and the present hazard level may in-
crease in the future due to the effects of climate change (Sal-
nikov et al., 2015). Furthermore, Kazakhstan has been ex-
periencing soil erosion and degradation due to salinization,
acidification, and contamination by anthropogenic pollution.
According to KIG (2013), most of territory of Kazakhstan,
179.9 out of 272.5 million ha (66 % of total area) has mod-
erate level of soil degradation and 31.3 % of total irrigated
lands are salinized and all degraded arable lands have lost
soil organic carbon (humus; Fig. 3b). There are areas with
high level of soil degradation across western, northern and
south-eastern zones of Kazakhstan which challenges agricul-
tural productivity.
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Figure 3. (a) Degree of water stress (WRI, 205); (b) degree of soil degradation (KIG, 2013); (c) current renewable energy projects; (d) future
renewable energy projects as a part of Renewable Energy Action Plan for 2012–2030.
4 Bioenergy policy in Kazakhstan and some
recommendations
To promote the development of renewable energy in Kaza-
khstan, the government issued the National Green 2050
Economy Concept in 2013 (no. 577 of 30 May 2013), fol-
lowed by the Law on Green Economy in 2016 (no. 506-V of
28 April 2016) and the Renewable Energy Action Plan for
2012–2030 (Directive no. 068 of 24 February 2017). Kaza-
khstan has set the target of raising the share of renewable
resources in electricity production from 3 % by 2020 to 50 %
by 2050 (Karatayev and Clarke, 2016). These targets and
government strategies encourage the uptake and commercial-
isation of biogas, biomass-derived liquid fuels and biomass
generated electricity sectors (Karatayev et al., 2017). The Na-
tional Parliament has approved a Law on the Regulation of
Production of Energy from Biomass Resources no. 351-IV
and National Tariffs for Energy Produced from Biomass Re-
sources (Directive no. 645 of 12 June 2014). In 2016, the
Ministry of Industry and New Technologies proposed four
projects of biofuel production in North and South Kaza-
khstan (Fig. 3c and d). However, the development of a mod-
ern bioenergy sector in the country is still limited due to a
number of specific barriers that resource-rich countries cur-
rently face (Karatayev et al., 2016). The current availability
of fossil fuels coupled with insufficient political will have
hindered the development of the renewable energy sector in
Kazakhstan (Karatayev et al., 2016). Artificially low electric-
ity prices, subsidised up to 60 % by the government, contin-
ues to be one of the main drivers of energy policy in Kaza-
khstan. In order to enable development of the bioenergy in-
dustry in Kazakhstan we recommend:
1. Biomass co-firing technologies should be included in
national energy targets, programmes and legislation es-
pecially given that existing power plants can be eas-
ily adapted. The European Union countries adopted
the 2020 Energy and Climate Directive (Directive
2009/29/EC) setting three key targets including a 20 %
cut in greenhouse gas emissions (from 1990 levels),
20 % of EU energy from renewables and 20 % improve-
ment in energy efficiency. The Directive on Renewable
Energy (2001/77/EC) provides the framework for elec-
tricity production from biomass and the Biomass Action
Plan (2005/628/EC) states that electricity can be gener-
ated and co-fired from all types of biomass, by mixing
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Table 1. Annual estimates of bioenergy potential from crop
residues.
Crop Residue Equivalent Energy
(Mt) standard coal (Mt) potential (MJ)
2004
Wheat 10 930.7 5465.4 159 972.2
Oil-bearing crops 791.6 418.8 12 258.2
Sugar crops 39.8 17.5 512.2
Cotton 1401.3 760.9 22 271.5
Tubers 2059.3 1000.8 29 293.4
Beans 2341.8 1271.6 37 219.7
Rice 1059.7 454.6 13 306.1
Total 18 624.2 9389.6 274 833.1
2016
Wheat 16 483.9 8242.0 241 243.3
Oil-bearing crops 3804.8 2012.7 58 911.7
Sugar crops 34.5 15.2 444.9
Cotton 860.1 467.0 13 669.1
Tubers 3795.2 1844.5 53 988.5
Beans 5428.0 2947.4 86 270.4
Rice 2456.1 1053.7 30 841.8
Total 32 862.6 16 582.5 485 368.7
it with coal or natural gas, or to run freestanding power
stations. At a national level, the UK adopted the Na-
tional Bioenergy Strategy that aims to promote genera-
tion of heat and electricity from biomass resources. Ad-
ditionally, the UK developed the Energy Crop Scheme
that provide farmers with grants for establishing energy
crops such as short rotation coppice and miscanthus.
Currently, all major coal-fired power plants in UK have
adopted biomass co-firing. On average, these plants fire
5 %–10 % biomass by energy basis. Most plants began
their co-firing experience with co-milling trials and then
moved on to establish direct injection systems for com-
mercial production. A variety of feedstock has been uti-
lized in UK’s coal combusting plants, including: agri-
culture residues, energy crops and forestry residues.
This provides a good model for Kazakhstan to emulate.
2. Green Certificate Policies with bioenergy targets should
be applied to the power generation sector. Both dedi-
cated bioenergy and co-generation plants in the UK are
in receipt of Renewable Energy Certificates (RECs) and
Renewable Obligation Certificates (ROCs). RECs rep-
resent a contractual right of the holder to claim any
benefit that is associated with energy created from re-
newable sources. They are sometimes known as “Green
Tags” or “Renewable Energy Credits”. Each REC certi-
fies that a single megawatt-hour of electricity was gen-
erated from renewable sources. The ROCs are green
certificates issued to operators of accredited renewable
generating stations for the eligible renewable electric-
ity they generate. Operators can trade ROCs with other
parties. We propose that Kazakhstan adopt a similar
scheme.
3. It is essential to create an effective logistics planning
and resource supply chain which incentivises the re-
purposing of forest, agricultural and livestock wastes
for energy generation. According to Sahay (2003), there
are three types of supply chain collaboration to enable
visibility; firstly, between raw material suppliers; sec-
ondly between manufacturers and retailers and thirdly,
collaboration between third parties. In bioenergy third
party collaboration, partnerships exists in both upstream
and downstream sectors of the supply chain. Examples
of this type are also seen in the UK bioenergy indus-
try demonstrated by the type of arrangements between
forestry providers and CHP production. Supply chain
and logistics planning is based at the strategic level
in the supply chain. Given the co-location of adequate
biomass resources to thermal power plant an improved
supply chain is an essential pre-requisite for the tran-
sition to a lower carbon economy through biomass co-
firing.
5 Conclusions
Here we have demonstrated how ArcGIS combined with the-
oretical energy potential offers decision-makers information
on the availability and type of biomass options for Kaza-
khstan. Biomass co-firing is an attractive option for reducing
carbon emissions as it can use existing power plant infras-
tructure. In this paper, we have identified the main residues
available in Kazakhstan for bioenergy production as well as
their geographical distribution. The bioenergy potential is es-
timated about 485.36 MJ (or 16.582 Mt of coal equivalent),
which account for about 30 % of total current energy con-
sumption of the country. Wheat residues constitute the ma-
jor part of Kazakhstan’s bioenergy potential, accounting for
44 % of the total bioenergy potential. The results also re-
veal an imbalance in the spatial distribution of bioenergy re-
sources, driven by climate and topography. The northern and
southern provinces of Kazakhstan have the highest bioen-
ergy potential from wheat residues, while the dryland cen-
tral provinces have the least potential. Aridity, salinization
and land degradation ensures that the western provinces are
inappropriate for bioenergy production from biomass. The
top three provinces with the highest crop biomass energy
resources are Akmola, Kostanay, and North Kazakhstani
provinces, located in the north of Kazakhstan. Considering
the fact that main country’s coal-fired power plants are lo-
cated close to the biomass source regions in the Northern part
of Kazakhstan, it is feasible to apply biomass co-firing tech-
nologies in this region of Kazakhstan. To ensure the viability
of such an initiative some additional work is now required
to estimate the: (i) technical energy potential from livestock
and forest residues; (ii) logistics of the resource supply chain
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including geographical accessibility, transportation cost and
certain radius of the thermal plants; (iii) carbon emission re-
duction potential under different scenarios on development
of bioenergy and policy actions in Kazakhstan; (iv) biomass
energy subsidies and costs.
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